Background
Objective
To study if racial and ethnic disparities in relation to influenza vaccination are present in adults suffering from at least one chronic condition and if such inequalities differ between age groups.
Methods
The Medical Expenditure Panel Survey (2011-2012) was used to study the adult population (age !18) who had at least one chronic health condition. Baseline differences in population traits across racial and ethnic groups were identified using a chi-square test. This was conducted among various age groups. In addition, survey logistic regression was utilized to produce odds ratios of receiving influenza vaccination annually between racial and ethnic groups.
Results
The total sample consisted of 15,499 adults living with at least one chronic health condition. The numbers of non-Hispanic whites (whites), non-Hispanic blacks (blacks), and Hispanics were 8,658, 3,585, and 3,256, respectively. Whites (59.93%) were found to have a higher likelihood of self-reporting their receipt of the influenza vaccine in comparison to the black PLOS ONE | DOI:10.1371/journal.pone.0169679 January 12, 2017 1 / 12 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
As a serious public health issue for the Unites States, influenza has significant impact on the utilization and costs of health care. When studying causes of hospitalization during 1979-2001, about 226,000 were found to be due to influenza [1] . Approximately 36,000 deaths occurred annually during 1990-1999 because of influenza and its complications [2] . In 2003, it was estimated that a total of $10.4 billion is spent annually to cover direct medical costs resulting from influenza. The total economic burden due to influenza was reported to be around $87.1 billion in the same year [3] . Effective primary prevention against contracting influenza includes yearly vaccination [4] . As stated by The Advisory Committee on Immunization Practices of the Centers for Disease Control and Prevention, all persons 6 months and older are recommended to receive the influenza vaccination each year [5] . Influenza vaccination in high-risk individuals has also been linked to favorable health outcomes, including fewer illness-related hospitalizations and deaths. Those to be included in the high-risk group are as follows: children aged between 6 and 59 months, adults aged over 49, health-care workers, pregnant women, and those living with at least one chronic health condition [6] .
Although universal vaccination against influenza is recommended, population coverage rates (especially for minorities) remain below national goals [7] . Data show that there are disparities in influenza vaccination across racial and ethnic groups [8] [9] [10] . Non-Hispanic blacks (blacks) and Hispanics are less likely to receive the immunization in comparison to non-Hispanic whites (whites) [11, 12] . These disparities are also experienced among high-risk individuals including the aged population, health-care workers, pregnant women, and individuals with chronic health conditions [13] [14] [15] [16] .
Because individuals living with at least one chronic health condition have increased susceptibility to developing grave complications from influenza, it is vital for estimations of influenza vaccination disparities to be accurate. Additionally, public health policy can begin to address such disparities when guided by accurate estimates of such disparities. Among existing published studies comparing influenza vaccination coverage across racial and ethnic groups, findings have limited generalizability due to inclusion of only a small subset of chronic diseases [7, 12, [17] [18] [19] [20] [21] . This study aims to (1) evaluate influenza vaccination rates for adults living with at least one chronic condition, and (2) examine racial and ethnic disparities among this population.
Materials and Methods

Data source and study population
Data from the 2011-2012 Medical Expenditure Panel Survey (MEPS) were used for this study. Conducted by the Agency for Healthcare Research and Quality (AHRQ), MEPS surveys annual health service usage by non-institutionalized US residents and any related costs, payment sources, and insurance coverage [22] . It is of note that minority populations including blacks and Hispanics were oversampled so more reliable minority population estimates could be made. While MEPS is comprised of several different files, this study used information from both the Full Year Consolidated Data File and the Medical Conditions File. The Full Year Consolidated Data File includes information on respondents' socio-demographic characteristics, health care usage/cost, and preventative care measures (e.g. influenza vaccination), while the Medical Conditions File catalogs the various health conditions self-reported by survey respondents. The Medical Conditions File also provides information on the International Classification of Diseases, 9th Edition, Clinical Modification (ICD-9-CM) codes and clinical classification codes for disease categories for reported chronic conditions [23] .
Definition of high-risk population
Centers for Disease Control and Prevention (CDC) define persons fitting ! one of the following categories as high-risk [6] . The chronic conditions among the following categories were identified based on ICD-9-CM condition codes and clinical classification codes included in the Medical Conditions File in this study. These conditions are self-reported and people with these conditions are at heightened risk for influenza-related complications, hospitalizations, and death [24, 25] . Note that this high risk population is defined based on a need factor. 1) Persons with BMI !40; 2) Adults living with at least one of the following chronic medical conditions: diabetes; infection with human immunodeficiency virus (HIV); Parkinson's disease; cancer and maintenance chemotherapy; radiotherapy; epilepsy; sickle cell anemia; asthma; multiple sclerosis; heart valve disorders; paralysis; pulmonary heart disease; cardiac arrest and ventricular fibrillation; acute myocardial infarction; cardiac dysrhythmias; cardiac and circulatory congenital anomalies; chronic obstructive pulmonary disease and bronchi stasis; congestive heart failure; alcohol-related disorders; liver diseases; acute cerebrovascular disease; renal diseases (including nephrosis, nephritis, and renal sclerosis); chronic kidney disease; acute and unspecified renal failure, other diseases of the kidneys and ureters; developmental disorders; delirium, dementia, and other amnestic/cognitive disorders; systemic lupus erythematosus and other connective tissue disorders.
Outcome variable
The outcome variable was defined as a dummy variable for whether an individual received the influenza vaccine within the year prior to the survey. Responses to a survey question in MEPS were used to ascertain influenza vaccination status. When asked about the most recent receipt of a flu shot, individuals who replied "within the past year" were considered current for influenza vaccination and assigned a "1". In comparison, respondents who chose "within the past 2 years", "within the past 3 years", "within the past 5 years", "more than 5 years," or "never" were designated as patients who received no vaccination for influenza in the previous year and assigned a "0".
Independent variables
This study used Andersen's Behavioral Model for Health Services Utilization as the conceptual framework, which guided variables to include for regression models on disparities in influenza vaccination across racial and ethnic groups [26] . Predisposing factors, enabling factors, and need factors were included in the regression models. Age, race, ethnicity, gender, marital status, and geographic region of residence were predisposing factors. Additional population characteristics such as education, household income, health insurance, status of employment, and residence within a Metropolitan Statistical Area (MSA) are all considered enabling factors. An individual's self-perception of their current health status is considered a need factor.
This study included three mutually exclusive groups including whites, blacks, and Hispanics. Additional independent variables included were: age ( 
Statistical analyses
Survey-weighted chi-square tests were used to compare proportions of vaccinated population between whites and minority groups (blacks and Hispanics). A multivariable logistic regression was utilized to control for patient characteristic in the comparison. Odds ratios (OR) produced by the regression analysis denoted the likelihood of an individual receiving an influenza vaccination within the year before the survey. All analyses considered strata, primary sampling units, and sampling weights of the survey structure of MEPS. This study used SAS 9.4 (SAS Institute Inc., Cary, North Carolina) to perform data analyses. The level of statistical significance was set at p = 0.05.
Results
Sample characteristics by race and ethnicity
There were 15,499 adults (weighted to 161,782,372) with at least one chronic medical condition in the total studied population. Of those adults, there were 8,658 whites (weighted to 123,944,979 or 76.61%), 3,585 blacks (weighted to 19,426,484 or 12.01%), and 3,256 Hispanics (weighted to 18,410,909 or 11.38%). Table 1 shows the socio-demographic characteristics for the racial and ethnic groups listed. In comparison to whites, both blacks and Hispanics were younger and less likely to be married, have private insurance, make high incomes, or have a high level of education (P<0.05). They are also more likely to reside in MSA and belong to better health categories in self-perceived health status (P <0.05). While there were no significant difference in gender distribution among white and Hispanics, there were a higher proportion 
Regression results
The unadjusted OR based on a logistic regression among adults !50 years receiving vaccination for influenza can be found in Table 2 . When comparing whites with blacks and whites Family income: poor, less than 100% of poverty line; near poor, less than 125%; low income, 125% to less than 200%; middle income, 200% to less than 400%; high income, more than 400%.
College included beyond high school, associate degree, college degree, and bachelor's degree.
Beyond college included master's degree, doctorate, and professional degree.
doi:10.1371/journal.pone.0169679.t001 
Discussions
Using data from the 2011-2012 MEPS, we found that only 57.29% of adults who had at least one chronic health condition reported to have received vaccination against influenza that year. Compared to the 90% goal set by Healthy People 2020, this coverage rate is suboptimal [27] . The racial and ethnic disparities for influenza vaccination were also found to vary among age groups. Adults aged 18-49 years had a <40% vaccination coverage rate, with no statistically significant differences between racial and ethnic groups compared. For adults aged 50-64 years, both black and Hispanics had lower influenza vaccination coverage rates in comparison to whites. The vaccination disparities among that age group could be explained away by differences in population characteristics across racial and ethnic groups. However, vaccination disparities across the racial and ethnic groups were still significant among adults !65 years old. Our findings are consistent with previous studies that examined influenza vaccination disparities in the United States as well [7, 8, 19, 20, 28] . Explanation for why influenza vaccination disparities exist across racial and ethnic groups among this high risk group is complex and not well understood. There are many potential contributing factors such as differences in socio-demographic characteristics of patients including socioeconomic and health insurance status [15, 20, 29] . It has been reported previously that patients had a higher likelihood of receiving vaccination if they were the elderly, married, better educated, and reported better health status [14, [30] [31] [32] . For instance, La Torre and colleagues found a positive correlation between influenza vaccination and age !65 years [31] . Lu et al. also showed elderly individuals who were married had increased likelihood of receiving vaccination [14] . Cohen and colleagues reported that patients with higher education levels are more likely to receive influenza vaccination [33] . Chen and colleagues found that some minorities had a higher likelihood of reporting cost and access barriers for vaccination [19] . In this study, influenza vaccination disparities in adults 50-64 years old may be due to the difference in patient characteristics across racial and ethnic group.
The independent variables included based on Andersen's Behavioral Model for Health Services Utilization in this study cannot fully account for the racial and ethnic differences found among adults aged !65 years. There are still significant gaps in coverage when comparing whites with blacks (48% difference) and whites with Hispanics (34% difference). These racial and ethnic disparities may be caused by a multitude of factors including different quality of health care, mistrust of health care system, low health literacy, negative views on preventative care and vaccination, and insufficient exposure to preventative care [7, 8, 12, 19, [34] [35] [36] .
Both blacks and Hispanics demonstrated a more negative mindset towards influenza vaccination in comparison to whites [15, 37] . Not only were they more skeptical about the effectiveness of the vaccination, but they were also of the belief that harmful side effects would result if they were to receive the immunization [19, 38] . Health care workers who were black and Hispanic were more concerned about the vaccine's safety and efficacy profile than white health care workers [39] . A portion of the black population was hesitant to receive the vaccine because they did not trust the health care system due to previous poor experience [40] . These are just a few of the many differences that contribute towards the vaccination disparities between the racial and ethnic groups.
Chronic diseases are the leading cause of disability and death in the United States [41] . In 2012, it was estimated that 50% of the adult population had at least one chronic medical condition. The majority of health care dollars are spent on these chronic diseases [42] . In 2010, 86% of health care costs were spent on patients with chronic conditions [41] . Influenza vaccination distribution programs continue to target this subset of people because they are at higher risk for disease. Mullooly and colleagues reported that patients with high risks experienced higher hospitalization rates than those without among patients !50 years old [24] . Ison showed that patients with comorbidities who were hospitalized due to influenza had a higher likelihood of developing complications [43] . Additionally, Matias et al. demonstrated that mortality resulting from influenza was highest among older patients and individual with high risk [44] . While important for everyone, annual influenza vaccination is vital in the elderly population as well as adults living with chronic health conditions. It has also been reported that an influenza patient with specific chronic health conditions would experience higher viral loads and slower viral clearance because the host defense is weakened [45, 46] .
Reducing racial and ethnic disparities in influenza vaccination is important. Influenza vaccination rates reported in this study were below the 90% target goal for Healthy People 2020 in both the minority and white populations studied [47] . It is estimated that if black and Hispanic influenza vaccination rates were equal to that of whites, an estimated 1,330 black deaths and 550 Hispanic deaths could be prevented [47] . If Health People 2020's vaccination target goal of 90% was achieved among minority groups, an estimated 3,750 lives would be spared annually [47] .
Possible strategies for increasing vaccination rates and reducing corresponding racial and ethnic disparities include but are not limited to improving patients' knowledge, attitudes, beliefs and access to vaccination on the demand side [48] , and encouraging providers to recommend influenza vaccination to patients, especially among racial and ethnic minorities, on the supply side [49] . Interventions on the supply side may be more promising because these patients tend to have more interactions with health care providers than healthy adults and minorities are more likely to be vaccinated in office-based setting [48] .
Limitations
There are limitations with the present study. Firstly, because the influenza vaccination coverage rates were based upon surveyed individuals' self-report, there is a potential for recall bias. However, self-report of influenza vaccination has been confirmed to be reliable [50, 51] . Secondly, the chronic medical conditions outlined in this study were defined using information gathered from self-reports so there is potential for bias. However, existing studies have shown that self-reports can be reliable for conditions that are well-defined and easily diagnosed [52, 53] . Therefore, the self-reports used to define these chronic conditions are considered reliable in this study. Lastly, MEPS did not survey how individuals felt personally about influenza vaccination. Consequently, this study was not able to take cultural beliefs and attitudes into account. Future studies should study the different viewpoints on influenza vaccination in order to better explain racial and ethnic disparities in influenza vaccination among older adults.
Conclusion
The study conducted discovered that influenza vaccination coverage for a high-risk population, adults living with at least one chronic medical condition, was significantly lower than the target goal set by Healthy People 2020. Influenza vaccination disparities for racial and ethnic groups varied significantly between age groups. Although patients aged 18-64 years are negligibly affected, these health disparities greatly impact patients aged 65 years or older. Additional studies on the fundamental causes of racial and ethnic disparities should be conducted in an effort to augment vaccination rates and improve health outcomes. 
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